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3ayesian nets la this article, but the following 
neato illustrate the use of Bay c* nets and . 
supporting structures In place of scripts. 

Figure 2 illuh<aics a simplified OA gciierau>lf Bayes 
net. The netwoh^vas built a$ a roughjy^yslologic 
model of the develoWot of OA, aiming that 
cartilaginous deforroiticV^nd d«jKictlon cause joint 
space narrowing, Accompar^^y sclerosis and 
subchondral cyst formajiencnoMho wn), and leading 
to gross deformitics/4nd loss of mbfeUiry, Pain is a 
variable feature^Jbw probably roust bepesent In a 
test case (otherwise, how would the doctort^Ucntion 
be drawp<(o the joint?). The mild narrowing stJh^of 
thejdtnt space node is defined by a Set containing 
fie Condidon, EXHIBITS the Specific Finding, mild 


3— 

t-U 
3Q 


i apace narrowing, which is itself defined us i 
jolo(cpaccof4(o6mmforthefcnoo. thttif&l 
sutrof the osteoarthritis stage node U dmi) 
de&vcXby a Set containing one Ocxvdidoj*; [US mild 
OA. Thc^conditional probability Uble^Tor this node 
wx airuige^p (hat certain combmatwiis of joint 
space narrowiefcand deformity <fofae mild OA, Other 
combinations raa^riefine otha^tages, or be declared 
Impossible (e,g. severe deformity without joint apace 
narrowing might be im$9«iblc in this context). 


3 


Two Interesting beneffu of thtsappnoach arc first, 
that wc can use a amgIeBaye$ ntfto describe all five 
stages of OA, z&& second, througlnlw logical magic 
of Baycs theorem, we can now InvcnfesBayes net 
built from/penpeed ve of classifying rctges of OA, 
and usc/uo generate descriptions of OA* We assert 
thai &t patient HAS tny stage of OA, update 
bOiiles throughout the network, and ran 
rtcally assigning state* to Indeterminate node 
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(ith each assignment, we write new Information I 
the^uladob, eg. chat the patient EXHIBITS^tftd 
joint s)!*oe narrowing. We can test the Bay^fJet by 
cxperfmchting with It from both peapeoives, eg. 
beginning wuh^nassumption of canJWgo damage to 
ace what stage ofbAttsults, or banning with OA 
(o see what other findftts? rcsuli 
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Baycs nets supporting L^ds OKMructures are 
conceptually very sjjrffur to Heah^tate generating 
Bayes nets, wi thinly two importanr^ffeiiencca. 
First, the CopdlUons usually describe rih^factotf for 
dower or/rfore rapid progression, rather ihakvieaturtK 
of a <foel$e. For instance, an OA Lead To is mxly 
to^dcwhclher the patient HAS Obesity, or to as$ 
i\at (he patient is EXPOSED TO some remedy. 


uct I) 


od, cbc goal or (he Lad to structure is to pr 
a rftc^of progression , which k ooc specified 
anywhc>e > cl$c In Uie simulation. (InconuWthe 
Health Subsgencrator has a goal of creattaga 
description consent with an averted dj*easc). 

Figure 3 Illustrates a^yes net tUpcould produce a 
report when art* examincCfWuetfs'a Revealing x-ray 
test. The only simulation ^k^used la this report is 
the joint space, a value indtfeeth' modified by the 
Baye* net In figure 2. Now we have a coiuinuo'us 
Bayes node acquiring^ value ffoifla Condition that 
extracts the currettfjoint space fronvxhc simulation. 
Note that thotafe no requests to deteaWce whether 
any SpedficPindinga or Health Slates arhjxcscnt. 
Rcvealinc^ueries should therefore be reus&hfe across 
slmuUridns. Also, the accuracy of the test cdq be 
built imo the Bayes net representing (hat test. 
Attffther test, such as a magnetic resonance lmagc\ 
aid have different size error*. 
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bjective queries art much more complex, but i 
poihfekto construct using (he same approach-/ 1 
primaiy^oraplication is that subjective respofees are 
uniquely daw^c io temporal detail, yfe 
statements sucbiOhe pain has beeprromiag and 
going for weeks, buh^w It Is vyptie than ever/ 

Management PUn criU^e€)&c>jrf^ - 
except that most ophcC^didoh^spcet 
prescriptions an^uerles made by theSi^arnincc, and 
the rwultm^feport is a eridque of a phyak 
strauecy^Our experience to date confirms the^ 
expectation that Bayes nets support Inferences ab 
Lions and plan*.* 
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"Surgical" Intervention overlay 
( randitio t}) — ►(^s^ 

Kgufe-h Basic types of Parallel Networks used to 
describe disease evolution. 


vith 


I 

Sdisorders. In the injury network an acute insult 
cVolvcs to cither recovery or a chronic conditio^ 
a laW recovery. Injury networks describe ma*y 
icifecObus diseases and trauma. The addicttah network 
mustraS^hat a person may abstain fromf use, abuse, 
or bea>mc addicted to a substance. In scheme 
shown r^aWiously addicted p«*on can only be 
addicted or recovering, but can no^etum to 
abstinence, use oraW. The surgical intervenUon 
overlay illustrates thatWw statfcs can be added to the 
above networks using irrWsibie therapies such as 
radiation or surgery. DotrfaVexperts adapted these 
networks to their necd^y eUrhinating unwanted 
nodes and arcs, or replacing node^vith another 
network. / 

Domain exerts began with a primary Parallel 
Network/^ sketch the diseases defining thet^domam, 
sudiieTstages of diabetes melHtus. Parallel \ 
Notworks of comorbid condittons were identf fieo\m 
ifSst domains, typically including risk factors for\ 


temperature must <x>mbL§Urmation about the underlying tempore and att X 
anWtic drugs administered in the last four hours. finf ,. ^ 

^Tfce distinction between changing health states and perturbing 
necessari&ial (health states 

model a partiSprocess one way or another may often dependo^ting goa^.ana 
Sequent decislo^out how finely to 

distinctions between heaves should result in moK ^ o ;?;S™ 

network roicAomp °. . Howevcr othsr health states such as obesity 

Srfal ^fparallel networks of health states^e^ntaUon, a newly- 

£S S £ 3#S osteoarthritis)^ in uae paraUd healdi states which 
mnuence^rimW health state* progress. As shown in * e f ?" 0 ^ e ^\ e 
osteojJrSs can progress over time from the normal state to mild, moderate or seX^ 

osteoarthritis. 


Moderate 


Severe 


Normal 



Normal 


Severe 
Obesity 


Mild Moderate 
Obesity Obesity 

-this particular illness. progress occurs in ^^T^it^O^ 
regres^once developed, but can stabilize at a particular degree ofse*d5ty- J Obesity 
323^^ state which can influence ^^^SSX 
Mild modenShand severe obesity can influence this ppgfess at different rates, me 

c -i ?J ^h/r n^llel h^thl^rni^exist which could modify progression of 
Similarly, other parallel ^™ st ™*g*^ .„ osteoart hritis will frequendy utilize non- 
osteitis. J^SSfS^ 

steroidal anU-inflammatonf^rugs ^mj> /uu *> ru^u^a ° . , 

the symptoms of oste£S, but also impact ^^S^ 
diseie ie treatrnirSwith NSAID's can induce an d(*r,>tediwill then evolve m 
Sd wiSSLrse and treatment of osteoarthritis. Irutiai^ence with this 
e^tZ indicates that these modifier-rdationsrups are -t wd^ined m the 
me^Uiterature and constitute a research area for further development 


The simulation system* fi<M"y **«<l» »P° n *2. a l ?<* "CSSSS^ 
)mOb2ZSSL knowledge. This knowledge cousis* 

and from physician expert "^^^^ZXX^m .hese 

states influence each other quaUtatjvely (eg mcTe^ecrease, stay the same), ana 
possible sources of informatio^bout the relevant probabilities. 

The knowledae^l has evolved over the past six m^hsto include extensive 
useofb^e^^S^calledBayesiannetworics). Belief - 

Spr^Tset of characteristics (family history age, V****^ ongin^icity, 
height) influence the development of impaired glucose tolerance. 



Tins "graph" illustrates these relationships: Family Itstory, ^ 
WetfMri A^all influence the development of impaired ghicose tolemoce^he raw 

LelopmentoTS&x^ 
describes meserelaUo^n^^ 

group to provide only a^^***^!!!^^ who has no such 

has twice the likelihood of <tovdo^&KIXco^ 

familyhistory.) We intend to f we will 

basis of data in the literature where available, if suenraonnduuu 
have to rely on expert opinion. 


Ho^he Knowledge Development Process Wil 


fork 


Wha^^utwe need from the knowledge team in order to ^^^^ 
requirJZuT system? The team should proceed in a step-wise fashion to address 

follewng issues: 
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